Microwave Imager (GMI) Instrument is being developed by Ball Aerospace and Technologies Corporation (Ball) for the GPM program at NASA Goddard.
INTRODUCTION
The Global Precipitation Measurement (GPM) Mission is an international effort managed by the National Aeronautics and Space Administration (NASA) to improve climate, weather, and hydro-meteorological predictions through more accurate and more frequent precipitation measurements. The GPM Microwave Imager (GMI) will fly on the Core GPM Spacecraft and will be used to make calibrated, radiometric measurements from space at multiple microwave frequencies and polarizations. There is an option for another GMI to fly on a Constellation Spacecraft. The Core GPM Spacecraft will fly at 407 km in a circular 65 degree inclination orbit. The Core GPM Spacecraft will have two instruments, the GPM Microwave Imager (GMI) and the Dual-frequency Precipitation Radar (DPR). The DPR is two-frequency precipitation measurement radar, which will operate in the Kuband and Ka-band of the microwave spectrum. GMI is the radiometer on the GPM Core satellite which is scheduled for launch in 2013.
Ball was selcted by NASA Goddard to design and build the GMI instrument. The contract was awarded in March, 2005 . The GMI critical design review was held in June 2009. GMI is currently completing the build of the instrument hardware with instrument level integration and test scheduled to start in September 2010. Delivery of the instrument is August 2011. The layout of the GMI instrument is shown in figure 1. The GMI instrument is a passive microwave radiometer. The design is a total power type radiometer with through-the-feed hot and cold calibration. The instrument is conically scanned with rotation about the vertical axis. The offset-parabolic antenna points at an off-nadir angle of 48.5 degrees. The scanning geometry is shown if figure 2. The instrument rotation rate is 32 revolutions per minute. Earth view measurements are made over a range from 134 to 140 degrees with the remaining portion of the rotation used for views of the hot and cold sky calibration sources.
II. DESIGN DESCRIPTION

A. Requirements Overview
The design of the GMI instrument has been developed to meet the requirements levied by GSFC. The radiometer has channels at 10.65 GHz, 18.7 GHz, 23.8 GHz, 36.5 GHz, 89 GHz, 166 GHz and 183.3 GHz. A subset of key requirements has driven the design to the current configuration. Table 1 gives the key performance requirements for each frequency. The beamwidths are derived from high spatial resolution and drive the antenna aperture size and feed design. The calibration uncertainty is lower than current operating systems to support the use of GPM as a calibration reference. Meeting the required calibration uncertainty requires careful design throughout the GMI instrument including high beam efficiency and careful design of the calibration targets. The Noise Equivelant Delta Temperature (NEDT) requirements drive the receiver design. The mass allocation is 166 kg and the power allocation is 162 watts. The allocated launch envelope requires the antenna to be stowed on the side of the instrument for launch.
III. INSTRUMENT OVERVIEW
A. Antenna Subsystem
The GMI instrument has a 1.22 meter offset parabolic antenna. The antenna size is required to meet the beamwidth and provide high beam efficiency from 90% to 95% depending on the frequency. The main reflector is a composite epoxy structure coated with a Vapor Deposited Aluminum (VDA) coating. The graphite epoxy structure is a stiff and lightweight design. The flight reflector has completed build and acceptance testing. The mass of the reflector is less than 6 kg. The surface accuracy of the entire reflector surface is less than 2 mils which is significantly better than the required 4 mils. The main reflector is supplied by Applied Aerospace Structures Corporation. Multiple feedhorns are used to allow the performance of each frequency to be optimized. All the GMI frequencies use the single aperture and are located in a feed array at the focal point of the antenna. Use of a single aperture optimizes calibration uncertainty and provides consistency between the frequencies for ease in data processing. The six feedhorns are supplied by Custom Microwave Incorporated.
Previous programs have experienced performance issues associated with the RF conductivity of the coated reflector at the higher frequencies. GMI has done extensive work to develop a VDA coating process that will meet our required optical and thermal properties and maintain good RF conductivity over the life of the instrument. The GMI program has done 5 coating runs on coupons and a full size EMU reflector to demonstrate the repeatability of this process. The coating from all of these development runs meets the thermal and optical requirements. The RF conductivity of the coatings is greater than 25 MS/m for all samples tested. The coupons have gone through extensive environmental testing including up to 1200 thermal cycles with no change in RF conductivity performance. JDSU supplies the coating of the reflectors.
B. Reflector Deployment Assembly
The main reflector is stowed for launch. Once on orbit the main reflector is deployed by the reflector deployment assembly.
In the deployed configuration the reflector deployment assembly is a statically determinate truss structure which provides excellent stiffness, deployment repeatability and pointing stability. The efficiency of the truss design allows the support members to have a small cross section which reduces scattering and supports the high beam efficiency of the antenna. The reflector deployment assembly has been built and tested. The deployment repeatability of the flight unit was 3 mils compared to a requirement of 10 mils. The reflector deployment assembly is supplied by our teammate ATK Space Systems.
C. Calibration Loads
The primary calibration of the GMI instrument is provided through a hot load and cold sky reflector. Extensive design and analysis of the hot load was completed during the design phase to optimize the design to minimize thermal gradients and provides thermal stability The detailed analysis has shown that preventing exposure of the hot load to direct solar exposure from all operating angles is critical to minimize thermal gradients. To minimize the exposure of the hot load there is a shroud and a hot load tray that limits the exposure of the hot load to solar radiation. In addition 12 thermistors are provided within the hot load to allow spatial and temporal variations to be tracked accurately. The build of the hot load is complete. RF characterization of the hot load at frequencies from 10 GHz to 183 GHz show a reflectance of less than -40 dB. The hot load is supplied by Zax Millimeter Wave Corporation.
The size of the cold sky reflector has been maximized within the mechanical constraints to provide a high beam efficiency to cold space. The cold sky reflector is 16 inches in diameter. The cold sky reflector is coated with the same vapor deposited aluminum as the main reflector. The cold sky reflector build is complete and it meets all the requirements. The main reflector is supplied by Applied Aerospace Structures Corporation.
In addition to the hot load and cold sky reflector, GMI has internal noise diodes that provide additional information for tracking the calibration. The noise diodes will be used to track the stability of the non-linearity of the receivers over the life of the instrument. The noise diodes will also be used to verify the short-term stability of the hot and cold sky calibration points and can be used to provide short-term replacement of these loads. The noise diodes have completed build and test and have been delivered. The noise diodes are customer supplied by GSFC.
Ball understands the importance of calibration on the performance of microwave radiometers and has incorporated a number of features into the design to improve calibration. In addition to the GMI instrument, the GMI program provides the calibration algorithms. The calibration algorithms are supplied by Remote Sensing Systems.
D. Receiver Subsystem
The receiver subsystem measures, digitizes, and outputs scene and calibration load brightness temperature for thirteen channels covering seven frequency bands. The receivers are direct-detect at 10, 18, and 23 GHz and use a superheterodyne approach at 36 GHz (single side band), and 89 thru 183 GHz (double side band). The receiver subsystem provides digital telemetry to the Instrument Controller Assembly (ICA) with the measured counts for each sample period. The receiver subsystem also provides the waveguide filters. The receiver subsystem is provided by our partners ITT Corporation. Ball and ITT have a long history of teaming together on microwave radiometers including the Geosat Follow-On radiometer.
ITT is completing the build of all of the receivers and is transitioning into receiver-level test. The support electronics and power supply have also completed build and are in the process of testing. Completion of the testing on the receiver subsystem is scheduled for November 2010.
A challenging requirement for the receiver subsystem is compatibility with the DPR radar that also flies on the Core Spacecraft. The operating frequency of the Ka band radar is 35.5 GHz which is extremely close to the GMI 36.5 GHz channel. In order to provide isolation from the DPR, the filter for the 36.5 GHz channel must provide at least 70 dB of isolation at the Ka radar frequency with low loss and low ripple within the GMI band. The flight filter has been built and tested and meets these driving requirements. The filter exceeded the isolation requirements at 35.5 GHz and met the loss and ripple requirements within the GMI bands.
The filter will provide isolation from the radar for Ka band emissions within the 35.5 radar operating frequency. However, this will not provide any isolation for any emissions from the radar within the GMI 36.5 operating band. To mitigate this risk an interface was added to GMI to accept a signal that indicates when the radar is transmitting. This input can be used as a blanking input. If this blanking mode is enabled, GMI will blank the integration of the 36.5 GHz channels while the radar is transmitting. Based on the operating parameters of the radar the unit would be blanked about 5% of the total integration time. This capability was tested on the EMU and demonstrated excellent isolation. This capability has also been demonstrated on the flight unit. The addition of this blanking capability provides additional confidence in the ability of the overall system to meet this challenging compatibility requirement.
Meeting the performance of the high frequency channels is always challenging.
The GMI required noise figure performance at 166 and 183 GHz is 7.5 dB to meet the specified NEDT performance for these channels. The front end mixer-preamps have completed build and test and have been delivered. The noise figure performance for these assemblies is 6.5 dB which is significantly below the required level. The 89 GHz mixer-preamps have a noise figure of 4.5 dB. The 166 and 183 GHz mixer-preamp assemblies are customer supplied by GSFC. The 89 GHz mixer-preamps are supplied by Millitech Corporation.
E. Spin Mechanism Assembly
The spin mechanism assembly rotates the scanning portion of the instrument and transfers power and data between the rotating and non-rotating portions of the instrument. The spin mechanism assembly is based on the design of the WindSat Bearing and Power Transfer Assembly that was provided by Ball. The SMA includes a motor for driving the rotation, resolvers for position measurement, and a slip ring assembly for transfering power and data. A rotary transformer was added to the design for the resolver drive signal to minimize noise on this signal. The motor, resolver, rotary transformer have been supplied by Axsys Corporation and meet all requirements. The housing and bearing are all complete and the assembly and test of the Spin Mechanism Assembly is ongoing with a scheduled completion of September 2010.
F. Instrument Controller Assembly
The Instrument Controller Assembly (ICA) is mounted on the stationary portion of the instrument and provides the electrical interface to the spacecraft. In addition the ICA provides the command and control for the instrument. The primary commanding and telemetry interface is a MIL-STD-1553-B data bus. The ICA has an internal processor that receives commands from the spacecraft and provides commanding to all the other GMI components. The ICA receives analog and digital data from the receiver subsystem and analog data from the other components of GMI. The ICA packetizes the data into science data packets and health and status packets that are provided to the spacecraft over the 1553 data bus. The ICA also provides the power bus and analog telemetry interfaces to the spacecraft. All of the electronics boards for the ICA have completed build and test. Final subsystem level testing is scheduled to complete this summer. The ICA is supplied by Ball Aerospace.
G. Instrument Structure
The instrument support structure provides a mounting platform for the entire instrument. The spin mechanism assembly mounts to the top of this platform and the ICA mounts to the bottom of this platform. In the stowed configuration the main reflector and reflector deployment assembly are mounted to the instrument support structure also. This configuration provides a single integrated unit that will be tested as an integrated unit and shipped as a single unit.
The instrument support structure provides the mounting interface to the spacecraft. The spacecraft provides flexures which mount to the instrument support structure. This provides a simple and clean interface to the spacecraft. This simple interface will ease the accommodation of the GMI instrument on the Constellation Spacecraft.
The instrument bay structure provides mounting of the rotating RF electronics boxes. The reflector depolyment assembly mounts to the top of this structure and the feedhorns are mounted inside this structure. This structure maintains critical alignments of the RF components. This hardware has been delivered and meets all mechanical tolerances. The instrument support structure and the instrument bay structure are supplied by Applied Aerospace Structures Corporation.
IV. STATUS
The GMI program completed a successful Critical Design Review in June, 2009. Subsystem level build and test is nearly complete. A number of critical subsystems have already been delivered and meet all requirements.
Instrument level integration and test activities begin in September 2010 with instrument acceptance testing starting in early 2011.
V. CONCLUSIONS
Ball and the GMI teammates are proceeding through the subsystem level build and test phase. The hardware meets all requirements. The team is well positioned to succesfully complete and deliver the hardware.
